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Research highlights
• Occupational accidents in South Africa are recorded in an insurance and a legislative system
• The recordings are not immediately comparable due to scope differences
•

This paper juxtaposes data from both systems and finds they generally are in agreement
• DOL data may serve as a quick, crude but nevertheless reliable feedback instrument 
Introduction
There are very few studies on South African accidents statistics. The last paper on industry accident statistics was Leger and Macun (1990) who examined accident metrics published by the Workmen's Compensation Commissioner covering the period up till 1984. The current work fills a gap in the literature on South African injury epidemiology with an updated and a more comprehensive analysis for the period 1970-2010, using the number of injuries registered with two administrative systems and employment data from a third source, Statistics South Africa.
Accident statistics may serve as an important feedback instrument to monitor performance. The International Labour Organisation (ILO) acknowledge that the effective recording and notification of occupational accidents are instrumental in prevention. Statistics on occupational accidents may serve as a tool for measuring level of success in compliance, enforcement and preventive action (ILO 1996) . Metrics based on length of absence from work are intrinsically unreliable. In comparison do statistics of fatalities and serious injuries provide more reliable indices of safety performance. This paper therefore deals with statistics on fatal and permanently disabling injury; it solely estimates incidence rates and examines trends. It also examines some of the general limitations of statistics on occupational accidents and outlines important scope differences and uncertainties for the South African case. The purpose is to provide a basis for an informed discussion on the safety performance of South African manufacturing, with a perspective on limitations of the data available.
Occupational accidents in South Africa are recorded in two systems: The insurance system, which for manufacturing is vested with the Workmen's Compensation Commissioner (WCC), and the legislative system under the Department of Labour (DOL). Interpretation is not simple, however. The recordings from the two systems are not directly comparable due to scope-of-inclusion differences. Furthermore, over time, there have been changes in definitions and reporting formats. The changes introduce variation in data that is unrelated to accident prevention performance and distort trend analysis. To overcome these complications, the paper juxtaposes data from both systems and employs multiple regression techniques to compute adjusted injury rates
The ILO publishes global estimates of occupational accidents by country (e.g. Takala (1999) ; Hämäläinen et al. 2006 ) -which encourage comparison and benchmarking. It has long been recognized however, that there are certain limitations to the various official accident statistics. Already four decades ago, the Lord Robens Committee (Robens 1972) noted that official accident statistics must be viewed simply as by-products of the information systems in use by the authorities, rather than as precise indicators of performance -cited reasons were that reporting criteria, incident classifications, and other categories differ from one system to another and even within a reporting system across time. Lord Roben's observation is still relevant. Jacinto et al. (2010) examined occupational accidents notification systems within the enlarged EU and observed that the lack of uniformity in EU databases and certain variations in data collection methods make comparability difficult.
The current work therefore provides background information necessary for detailed interpretation and contributes with a review of developments and changes in the DOL and WCC systems. The purpose is to aid meaningful comparability.
As already noted, studies on South African accidents statistics are scarce. The majority of studies concern the mining sector, which under apartheid had extreme injury rates (Leger 1992 , Leger 1990 , Eisner and Leger 1988a , 1988b . A seminal work was undertaken by the Commission of inquiry into safety and health in the mining industry (Leon Commission), which bluntly stated that self-regulation in the industry had failed (Leon et al. 1995) . A more recent study by Murray et al. (2005) on an association between HIV infection and injury rate provides newer data with breakdowns on injury rates per age and calendar period. Recent studies for other sectors have not been identified. Some data were provided by Lerer and Myers (1994) who examined underreporting of fatal injuries in Cape Town; they provided a breakdown of underreporting per industrial sector. The last published paper on South African industry accident statistics was Leger and Macun (1990) 
The workmen's compensation system
The first law relating specifically to workmen's compensation in South Africa was passed in 1896 in Natal Province (the Employers' Liability Act, Natal) and prior to the Union in 1910 similar legislation was also in existence in other provinces. The first Union law to make provision for workmen's compensation came in 1911 (Native Labour Regulation Act Since 1941, the WCC statistics cover compensated accidents, which in broad terms are defined as being incurred during the course of employment (e.g. COID Act 1993, sec 22), and include road accidents. Even commuting accidents are included if the employer provides this service free of charge. Accidents that are reported to the various funds but cannot be compensated according to the Act are repudiated. Prior to the new COID Act in 1993, the repudiation category 'not a workman' would include out-workers and employees earning above the wage ceiling. Any compensation claims from independent contractors will also show in this category of repudiated cases.
Employers with the SAF are required to inform the WCC of the number of persons employed with them. Similar employment figures are not available from the other eight funds. For the SAF only, the WCC computes and publishes accident frequency rates for different branches of industry.
Department of Labour
The first Factories Act of 1918 required reporting of accidents, and accident statistics have been published in the Department's annual reports since the 1920s.
Reporting criteria for non-fatal accidents have changed over the period of interest. The Factories Act of 1941 required that accidents resulting in four or more days off work were reportable. That time threshold was changed with the Machinery and Occupational Safety Act (MOSA) of 1983 to 14 days or more off work (Leger and Macun, 1990) . The DOL's annual reporting of "incidents" (before 1985 the term "casualties" was used, and around 2005 the term "nonfatal" appears) are not comparable to the permanent disablement figures published by the WCC.
. The present legislation requires that incidents are reported if they result in 14 days or more off work, result in death or permanent physical disability, if a dangerous substance was spilled, machinery fractured, amongst others. Reporting of traffic accidents on a public road or incidents in a private household are excluded (OSH Act No. 85, 1993, sec 24) . The reporting criteria reflect the DOL's concern with prevention, as they also comprise incidents, which did not cause actual injury but had potential to do so.
As of 1985, the DOL aligned its accident reporting format with the international Standard Industrial Classification of all economic activities (SIC) system used by the WCC. Before the change the major breakdown categories were accidents related to non-factory and factory activities, the latter including "premises where machinery is used" 1 (Annual Report 1984:90) . The categories used before 1985 2 therefore complicate a breakdown on manufacturing and non-manufacturing.
2.4
Overview of WCC/DOL scope differences
The scope differences are illustrated graphically in Figure 1 . . The figure contrasts the accidents reportable to DOL and the fraction actually reported; and the number of accidents claimable from the WCC and the fraction actually claimed The total number of fatal accidents in the manufacturing industry is expressed as the sum of four categories: 1) road accidents arising out of work, 2) accidents to insured out-workers typically working at home, 3) accidents to insured employees working at company premises, and 4) accidents to the uninsured groups comprising the self-employed as well as cases repudiated in the compensation system.
It has been speculated that the "double burden" of reporting accidents with two different authorities may lead to under-reporting; if one authority is notified but not the other one. While reporting to the WCC is required to claim monetary compensation, reporting to the DOL is only a legal obligation which could place the employer under increased monitoring by the inspectorate (Leger and Macun 1990) . Consequently, incentives for under-reporting of incidents to the DOL are evident.
1 The 1941 Act was criticized for being too restrictive in scope since it only covered persons employed in factories or worked in connection with machinery -not other commercial undertakings where injuries due to physical material handling were as likely as in factories.
The name was furthermore misleading, the courts had in isolated cases interpreted it as being applicable to factories only; the general public was under the same impression (Wiehahn 1980:38) 2 Two changes affect reporting of DOL incidents. The SIC format change is a likely consequence of the Wiehahn Commission's recommendation that the DOL and the WCC reporting of accidents be streamlined and rationalised (Wiehahn 1980:39) and seems to have taken place in 1985 for both fatal accidents and incidents. The time threshold defining an incident was changed with MOSA of 1983 and may have affected the number of reportable incidents already in 1984.
Exposure data
There are two major data sources of denominator data available in South Africa. The first is the employment statistics from Statistics South Africa, SSA (formerly the Central Statistical Service, CSS). The institution has published a quarterly Bulletin of Statistics (henceforth Bulletin) comprising employment data, typically for 3 consecutive years, for the entire period of interest. Employment figures are estimates based on a monthly sample survey of private manufacturing firms and comprise all executive, administrative, technical, production and related labourers. Seasonal and occasional employees, as well as employees absent on vacation or sick leave on full pay, are included. Working proprietors are not included (Bulletin, March 1971:28) . From 1976 and onwards employment in manufacturing also include public corporations and Government undertakings (Bulletin 1981:2.32).
From 1987 to 1995, SSA (then CSS) also published the annual South African Labour Statistics (SALS). For this data series, census data were used to adjust the estimates from the monthly sample survey, a so-called adjustment for overand undercount. Employment data from SALS are therefore superior to Bulletin data in that they have longer time series of typically 15 years compared to typically 3 years, and that the series are adjusted to reflect the latest Census information. SALS data are not available for the entire period of interest though.
The second major source of employment data is the WCC annual statistics. As noted earlier, employers with the State Accident Fund report both earnings and number of employees to the WCC.
Changes to the South African State
For sake of completeness, both numerator and denominator figures are affected by changes to the South African State. Namibia became independent in 1990.
In the late 1970s and early 1980s some Bantustans were declared independent by the South African government, specifically the so-called independent Republics of Transkei, Bophuthatswana, Venda and Ciskei (TBVC). They were reintegrated in South Africa in 1994. The former TBVC states were not very industrialised and potential inclusion errors are relatively small. For instance, total employment in manufacturing in Bophuthatswana, Venda and Ciskei amounted to 66,000 in 1991, some 4.4% of total employment in the South African manufacturing sector (SALS 1995:2.182). -.
Results
Procedure
Reported injuries were taken from the annual Report on the Statistics of the WCC and the DOL Annual Reports from 1970 to the most recent publications available in January 2012. Early WCC reports were obtained from the archives of the Compensation House in Pretoria, more recent ones over the Internet and through personal contacts in the WCC. DOL Annual Reports were retrieved at the National Library in Pretoria and at the DOL Head Office in Pretoria. A few recent reports could not be retrieved despite repeated requests through multiple channels. Official employment statistics were taken from Bulletin and SALS releases available at the Statistics South Africa library, more recent data were available over the Internet. Accident and employment data are presented in Table 1 .
Accident data
The WCC and DOL accident recording systems sample the same reality, albeit with different scope criteria, which change over time. Multiple regression techniques allow an examination of the degree of agreement between data in the two systems, i.e. of the level of internal data consistency and overall confidence in data. Figure 2 shows the number of fatal accidents in the manufacturing sector for the period 1970-1999 reported to the WCC (All Funds) and the DOL. Unsurprisingly, due to the scope exclusion of road accidents, DOL numbers are lower than WCC figures. WCC statistics do provide information on accidents, which involve a vehicle 3 but make no distinction if the accident takes place on a public road or on company premises. Only the former are excluded from DOL statistics. Excluding vehicle accidents would bring WCC registrations more in line with DOL scope, although the number of accidents excluded would be too large. Unexpectedly, the reduced WCC numbers are still higher than DOL numbers after 1985 (Figure 2 ).
The WCC numbers for 1979-1995 exhibit a marked variation when compared to DOL figures. A WCC official was unable to explain the higher variability, . such as an irregular pattern of administrative procedure or other reporting system artefact. The variation has been attenuated by moving average techniques. Expectedly, the number of fatal accidents registered with DOL drop after 1984, coinciding with the SIC scheme reporting change. The number of accidents registered with WCC for 1999 is rejected, in part because the number is unusually low, in part because of an extreme number of repudiations that year (discussed later). DOL fatalities for manufacturing are not available for 1989.
To examine the level of internal data consistency the b-coefficients in the following model were estimated using multiple regression analysis Adjusted R Squared = 0.946, n=28
A similar analysis was carried out on data for permanently disabling injury (Figure 3 ). The number of permanently disabling vehicle accidents registered with the WCC is very small, both compared to the total number of permanently disabling injuries and relative to the number of fatal vehicle accidents, leading to concerns if such accidents are correctly registered with this category. Consequently, no adjustment for vehicle accidents was made. As noted earlier, DOL registrations of incidents also comprise events which did not cause actual injury but had the potential to do so. The degree to which such events are registered can be sensitive to campaigns etc which can introduce systemic variation in reported DOL figures. The number of permanently disabling injuries registered with WCC for 1999 is rejected for the same concern about repudiations as stated for fatal accidents.
The b-coefficients in the following model were estimated using multiple regression analysis
. 
Model output is:
4 As mentioned earlier, the wage ceiling provision was abandoned with the passing of the new COID Act in 1993. The category 'not a workman' in Table 2 comprises wage ceiling repudiations, amongst others. From the early 1970s to early 1990s, South Africa experienced inflation rates of about 10-15 percent. Some of the variation in number of repudiations within this category may be caused by cycles of inflationary wage increases followed by amendments to the 1941 Act to adjust the wage ceiling upwards. The cycles could suggest that a number of fatal and permanently disabling accidents may have been excluded from the WCC statistics due to an arbitrary wage ceiling provision. Multiple regression analysis on both data sets shows the correlation to be not significant (P>0.11, n=28), and does not allow purging of wage ceiling effects.
. Coefficients P-value b5 2.12 < 0.000 b6 -105 < 0.000
Adjusted R Squared = 0.946, n=28 Figure 4 shows the major sources of exposure data from the WCC, DOL and SSA systems for manufacturing. The DOL registrations of employment (discontinued in 1983) are markedly and consistently higher than Bulletin data. This reflects the particular "factories" reporting format used by DOL up till 1984 and is consistent with a higher number of DOL accidents for the same period. Surprisingly, WCC SAF employment data 1970-1980 correspond largely to DOL data, although WCC SAF has used SIC classifications for the entire period of interest. The WCC SAF employment numbers furthermore exhibit an unexplained increase in variability after 1980, similar to the onset of variability observed in WCC reported fatal accidents 1979-1995 5 .
Exposure data
Bulletin data evidently presents the lowest employment figures. This is remarkable for two reasons. First, Bulletin employment represents an upper estimate for the number of full-time employees, as no attempts are made to adjust the number of occasional, seasonal or part-time workers to a corresponding number of full-time workers. Second, WCC SAF figures do not cover the entire manufacturing section, only the (albeit large) subgroup of manufacturing companies that are with the SAF 6 .
Computation of accident rates
Bulletin data are, although likely on the high side, the best employment estimates available and the only source that covers the entire period of interest. Three series of fatal incidence rates pr 10,000 employees can now be computed. The first series is computed directly from WCC SAF registrations and covers 1970-1999, except for 1991-1993 where SAF employment data are absent. The 5 The variability in the WCC SAF employment count and fatal accident count could be of minor importance if they correlated positively. In this case the effect on computed accident rates might be minimal. A Pearson statistical correlation analysis carried out on data 1979-1995, when the variation is substantial, suggests that employment and accident count are negatively correlated. The result ris not significant however (Prob=0.76, n=14) so we must accept that they are not correlated at all. That conclusion does not change if the correlation analysis is carried out on data for the entire period 1970-1999. 6 Firm employment estimates can be elusive. In the SALS data series, SSA would adjust employment figures when more precise census information were available. One of the larger undercount adjustments took place for 1986 with an upward adjustment of employment of 129,000 (9.9%) (1987 and 1993 issues of SALS). Hence, the maximum uncertainty of measurement appears to be about 10 percent. This cannot explain the discrepancy between WCC SAF and Bulletin data.
second series is computed for DOL registrations and Bulletin employment data. The third series is computed for WCC estimates using regression equation [1] and Bulletin employment data. Rates are shown on Figure 5 Similarly, three incidence rates series for permanently disabling injuries were computed. The first directly from WCC (SAF) registrations of injuries. The second for WCC (All Funds) injuries and Bulletin employment data. The third for DOL for reportable "incidents/casualties" and Bulletin employment data ( Figure 6 ).
Trends in accident rates
To estimate trends in fatal accident incidence rates, the b-coefficients in the following model were estimated using multiple regression analysis Adjusted R Squared = 0.81, n=29
Model output shows that the DOL fatal incidence rate has declined (P=0.02, n=29) over the period . The trend has been extrapolated to 2010. All three available DOL data points for 2000-2010 are below the extrapolated trend lines as seen on Figure 5 .
To estimate permanently disabling injury rends, the b-coefficients in the following model were estimated using multiple regression analysis WCC permanently disabling injury data do not exhibit this kind of variation. Multiple regression analysis can only partly resolve the scope differences between the number of permanently disabling injuries registered with the WCC and the number of reportable incidents registered with DOL however, and can only demonstrate a fair agreement between the two data sets.
The last published paper on South African industry accident statistics was Leger and Macun (1990) covering the period up till 1984. Their sole data source was injury frequency rates (per million man hours worked) reproduced directly from the annual reports of the Workmen's Compensation Commissioner. The authors found no evidence that South African manufacturing industry was becoming safer over time -providing a counter example to the general decline in occupational injury rates observed in industrialized countries (Hämäläinen et al. 2006 ). This paper finds no support for this earlier conclusion.
Possible inflation in SAF data for manufacturing
SAF registrations of number of workmen are larger than official employment data from Statistics South Africa (SSA). The inflation is unexplained. Surprisingly, for 1970 Surprisingly, for -1979 , the SAF employment numbers appear in agreement with DOL employment registrations, although the DOL's "factories" scope was broader, comprising not only manufacturing but also premises where machinery was used.
. It raises the possibility that WCC injury registrations for the manufacturing sector are too generous and comprise industries that SSA consider outside the Standard Industrial Classification (SIC) scheme for manufacturing. The observation, that WCC fatal accidents adjusted for vehicle accidents exceed DOL registrations (Figure 2 ) further supports this possibility. If WCC injury registrations for SIC manufacturing are inflated, the use of Bulletin employment denominator figures will over-estimate accident rates. Alternatively, if the WCC accurately captures SIC manufacturing accidents, inflated SAF denominator figures will under-estimate accident rates. The data available does not allow a determination of which of the two options is the more accurate.
Evident inaccuracies and discrepancies
Manual preparation of large amounts of data is inherently error prone. It is impossible, that the accident count for All Funds is lower than for SAF, this was nevertheless the case in 1971, 1972, 1976 etc. Inconsistencies become more predominant in WCC reports from the mid-1990s. While data for the SAF seems reasonably accurate (except 1999) notable inconsistencies for All Funds appear in the 1993 report. All Funds data in the 1995 and 1997 reports are evidently unreliable, with entire rows and columns that obviously should be shifted down or right 7 . The 1999 report, the most recent by 2012, an unusually low number of reported accidents could be inaccurate due to an unexplained extreme increase in the number of repudiated cases. For instance, cases repudiated on the grounds "Not an accident (gradual onset etc)" increase from a normal level of 500-1,000 to almost 19,000 (see Table 2 ). The report is silent on the repudiations and the extent to which they may influence the number of registered accidents.
Beginning mid-1990s inconsistencies appear in DOL registrations (Table 3) exacerbated by frequent changes in the reporting format. In the 1998 report, previously reported numbers for 1996 and 1997 change without commentary. In 2004, the DOL shifted accident reporting to a newly created Labour Market Bulletin publication, the reporting format change yet again, and there are evident discrepancies in the 2003-2004 tabulations, differences of 35-300 percent go unnoticed. In later DOL publications, only aggregate injury data are presented, if reported at all, with 2008 being an exception.
4.4
Injury data reporting lag hampers ability to monitor performance and guide preventive efforts
The WCC's annual Reports on the Statistics are the only source of accident statistics in South Africa and are included in national statistics released by SSA. He does not publish incidence rates (divided by number of people working) but the more accurate frequency rates (divided by hours worked) that takes into account slight differences in number of hours worked per week per. In addition,
. he reports severity rates, which are superior to incidence rates as they take injury severity into account, the number of days lost.
The WCC Reports on the Statistics present detailed tabulations of for example number of cases by location of injury (brain, scull, eye, etc) and tabulations of number of accidents by instrumental cause (machinery, hoists, etc.) with breakdowns per major industrial subgroups. The costs of accidents are also reported with a breakdown per sector. In addition, the reports hold detailed listings for several hundred magisterial districts.
The WCC estimates that his report for a specific year's accidents becomes available 31 to 36 months after the end of that year (see e.g. introductory chapter in the 1998 report). In practice, however, this target is often exceeded. When Lerer and Myers (1994) conducted a study on underreporting 1991-1993, the most recent WCC report was for 1988 (5 years lag). In 2000, the most recent report was for 1995 (5 years lag). In early 2012, the most recent report is for 1999 (11 years lag).
Statistics on occupational accidents are recognized tools for measuring performance and guiding preventive policies and campaigns (ILO 1996) . Timely availability of data is important for such feedback to be effective. The ambitious nature of the WCC reporting format delays publication; for instance costs can only be determined when treatment of injuries is complete and all medical compensation claims processed. Administrative issues may also play a role. Critics say the WCC experiences a massive administrative logjam with a backlog of 198,000 case-files, 100,000 pieces of unopened mail and an average mail response time of eight months (Bell 2010) .
It may be argued that a simple preliminary reporting of injury numbers and incident rates would suffice for early feedback and that prompt availability of WCC statistics could compensate for lack of detailed information on severity rates. Indeed, that the uncertainties and inaccuracies in WCC data as identified in this paper might not even warrant computation of detailed frequency rates. Alternatively, that data from DOL could serve as useful but crude indicators, refer to regression equation 3.
No clear evidence of effects of labour market restructuring
There is a growing body of evidence of a restructuring taking place in the South African labour market towards increased use of subcontracting and towards converting permanent employees into free-lance contractors, the so-called 'independent contractor' arrangements (Hedlund 2011) . The practice of replacing permanent workers with contract workers is widespread in the mining industry (Bezuidenhout 2008) . Barchiesi (2010) states that casual, fixed-term, part-time, and homework arrangements are on the rise across the whole occupational spectrum in South Africa, facilitated by increased use of labour brokerage. Theron (2005) views the increase in the numbers of persons in non-standard employment as a result of processes of externalisation, mainly because a stan-dard employment relationship entails labour regulation compliance costs and rigidities associated with worker protection rights. Employment in the informal sector doubled from 1997 to 2003; employment in informal enterprises seem to be concentrated in trade and with significant numbers of people in construction and manufacturing (Devey et al. 2006 ).
The exclusion of the self-employed and of independent contractors from the compensation statistics is neither trivial nor insignificant. Self-employed workers cannot or do not make worker's compensation claims and their injuries may not be picked up by reporting requirements under OHS legislation either (Mayhew and Quinlan 1997) . Effects of such restructuring will be masked, understated or missing entirely from statistics derived from worker's compensations claims data (Quinlan 1999, Quinlan and Mayhew 1999) .
Injuries amongst the self-employed are out scope WCC statistics but still reportable to the DOL. A change in the difference between the two sources might therefore indicate that an increasing number of injuries from this group are systematically lost in the WCC statistics. Examination of Figure 2 (fatal) and in particular Figure 3 (permanent disablement), and the incidence rate equivalents, Figure 5 and Figure 6 , could indicate such a development for the late 1990s. Unfortunately, the very few data points and the obvious validity issues with a large (unexplained) number of repudiated cases impede any firm conclusions.
Conclusion
Despite substantial scope differences between accidents registered with the Workmen's Compensation Commissioner (WCC) insurance system and the legislative Department of Labour (DOL) system, analysis show that the data are in broad agreement.
The DOL system is simple and data are typically available for DOL's annual report released the subsequent year in June. In contrast, the WCC system is complex and the highly detailed statistical report is often released after five years, or more. This lag limits the value of WCC statistics as feedback instruments to monitor performance and guide preventive efforts. DOL data could serve as a quick, crude but nevertheless reliable feedback instrument, for instance using equation [3] .
For both systems however, accident reporting appears to have ceased around year 2000. By early 2012, the most recent WCC report is for 1999, and there could be concerns about the validity of that year's data, due to an extreme number of repudiations. For the period 2000-2010, there are sporadic DOL releases of accident numbers only, and some of the data are evidently erratic. Frequent changes in the recent DOL reporting format also limit the amount of analysis that can be applied to the data.
Statistics on occupational accidents are recognized tools for measuring performance and guiding preventive policies and campaigns. At present, this kind of feedback is unavailable for South Africa.
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